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1  -  HfTWODUCTlOH 

For  a  soquontlal  awltchlng  function  vhlch  la  coaplataly  apaclflad,  tha  ■inlalaa- 
tlon  problaa  haa  baan  eoaplataly  aolvad  by  Huffman,  Moora  and  Maaly.  Tha  laplloatlon 
hara  la  that  an  aqulvalant  flow  table  can  alwaya  be  found  with  tha  nlninua  number  of 
rowa.  Aa  uaual,  tha  rowa  of  a  flow  table  corraapond  to  the  Internal  atataa  and  tha 
columna  corraapond  to  tha  Inputa.  For  tha  claaa  of  aaquantlal  awltchlng  funetlona 
which  are  not  coaplataly  apaclflad,  tha  flow  tablea  will  have  blank  antrlaa  corra- 
apondlng  to  tha  unapaclflad  outputa  or  tha  unapaclflad  next  atata  condltlona  (or  both) 
In  tha  flow  table.  It  waa  pointed  out  by  Olnaburg  that  an  axtenalon  of  tha  olaaalcal 
mathoda  waa  Inaufflclant  to  reduce  aoma  of  tha  Incompletely  apaclflad  flow  tablea  down 
to  tha  mlnlnum  number  of  rowa  poaaibla.  If  one  adharaa  to  tha  Idea  that  no  definite 
entry  la  to  ba  made  for  a  blank  In  tha  flow  table,  but  to  Ignore  auch  an  output  whan 
tha  machine  antara  auch  a  total  atata  where  tha  output  la  unapaclflad,  than  tha  poa- 
Blblllty  of  minimization  can  ba  extended.  Pauli  and  Unger  made  uaa  of  tha  above- 
•tatad  concept  la  thalr  paper  and  praaantad  a  ayatamatlc  procedure  for  finding  tha 
•at  of  maximum  compatiblaa.  From  tha  maximum  compatlblaa,  Pauli  and  Ungar  raaort 
to  tha  procaaa  of  anumaratlon  in  order  to  find  tha  minimum  oloaad  ant  of  oompstiblaa. 
Tha  aaumaration  procaaa  antaila  a  trial  and  error  procedure  in  order  to  aliminata 
overlapping  atataa  in  different  maximimi  compatiblaa. 

In  tha  praaant  paper,  a  ayatraatic  prooadura  will  ba  given  to  find  tha  niniwai 
cloaad  oat  of  ooapatiblaa  without  anumaration. 

Tha  following  aaction  will  ba  a  brief  review  of  Pmull  and  Ungar '•  ainiaisatiOB 
technique. 
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n  Reduction  of  Inco«pl»t»ly  8p»cl<t«<i  functiOM 

A  brief  review  of  the  Blnlaimtlon  procedure  publlehed  by  Pnull  and  Unger^^^  will 
be  presented  In  thle  eectlon. 

Given  an  Incompletely  specified  flow  table,  the  concept  of  arbitrary  aaBlgnaont 
for  the  unapeclfled  output  of  a  total  state  haa  allowed  additional  reductlona  to  be 
■ade,  as  compared  with  the  olaaalcal  prooedurea.  The  following  example  will  Illustrate 
the  procedure  of  reducing  an  Incompletely  apeclfled  flow  table  to  a  aet  of  maximum 
compatibles. 

Prom  the  Flow  Table  lA,  an  Implication  table  le  eonatructod  such  as  to  exhibit 
all  the  pairwise  conpatlblea  as  illuatratad  In  Table  IB. 

A  compatible  la  defined  as  a  set  of  atatas  of  a  flow  table  that  conatitutes  one 
member  of  some  closed  grouping.  The  entries  in  the  Implication  table  are  made  in  the 
following  manner. 

1)  If  there  Is  a  contradictory  pair  of  outputs  tor  a  given  row-pair  in  any  input 
column,  then  an  X  Is  placed  la  the  corresponding  cell  of  the  laq>lieatlon  table  and  no 
further  attention  need  be  given  to  that  rov-palr.  This  Is  true  for  (13),  (35),  and 
(57)  In  Table  XB. 

3)  If  for  a  row-pair  ab  the  outputs  are  not  contradictory,  than  enter  all  row-pairs 
Implied  by  ab  In  the  ab  cell.  (Self-Implication  need  not  be  entered  Into  the  table.) 
Thus  la  cell  (13),  (33)  Is  entered;  and  la  cell  (15),  (35)  la  entered,  etc.  In  cells 
(14),  (37),  (45),  (46),  and  (67),  there  are  no  pairs  to  be  entered,  so  a  check  mark  Is 
Inserted. 

A  second  Inspection  of  the  impliontlon  table  Is  often  necessary.  If  a  row-pair 
ab  Is  sa  Incompatible,  then  an  X  Is  placed  la  all  cells  that  Imply  ab,  and  any  other 
entries  In  such  cells  will  be  Ignored.  This  process  Is  to  be  repeated  until  mo  other 
Incompatible  row-pairs  are  found.  A  cheek  of  the  Implication  Table  IB  Indicates  no 
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other  aodlficatlone  to  be  made;  thus  It  la  also  the  final  lapllcatlon  table.  All 
roe-pairs  with  entries  which  are  not  X'a  are  coapatlbles,  and  those  with  X's  are 
incoapatlblea. 
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Table  IB 


Froai  Table  IB  the  ■axiaue  cosqwtlbles  can  be  found.  A  naxlnun  eonpatible  (MC) 
Is  defined  as  a  set  of  rows  which  fom  a  eonpatible  and  which  ia  not  included  in  any 
larfer  eonpatible. 
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There  are  two  procedures  presented  by  Psull  and  Unger  for  finding  the  MC's,  but 
only  one  of  then  will  be  stated.  The  procedure  Is  based  on  the  use  of  Ineonpstlble 
pairs  to  break  down  large  sets  of  rows  Into  snsller  sets  until  only  MC's  raasln. 

Start  with  Colunn  1  of  the  Inpllcstion  table  and  work  to  the  right. 

1)  Write  down  a  set  of  all  states  except  1.  Then  write  down  a  sot  of  states  con¬ 
sisting  of  1  followed  by  all  states  corresponding  to  non-X  rows  In  Colunn  1.  Id  our 
exanple,  we  would  have  at  this  point  (234567)  and  (124567). 

2)  Move  to  the  next  colunn  containing  X's.  If  ab  Is  an  Inconpatlbls,  then  those 
candidate  sets  containing  both  a  and  b  nust  be  spilt  Into  two  sots,  one  with  a  onittsd 
and  the  other  with  b  onltted.  The  process  la  repeated  through  the  last  colunn. 

In  our  exanple  the  process  continues  fron  the  candidate  sets  fron  Colunn  1  as 
follows: 

1)  (234567)  (124567). 

2)  No  change. 

3)  (24567)  (23467)  (124567). 

4)  Mo  change. 

5)  (2456)  (24«r7)  (23467)  (12456)  (12467). 

The  naxlnun  conpatlbles  are  (23467),  (12456)  and  (12467).  The  sets  (2486)  and 
(2467)  are  subsets  of  the  others,  thus  they  cannot  be  MC's. 

Subsequent  sections  are  concerned  with  the  nethod  of  finding  the  snnllest  ool- 
lection  of  conpatlbles  without  enuneratlon.  Qy  replaoiag  n  oonpntlble  with  n  subset  of 
itself,  the  reduced  flow  table  will,  in  general,  have  aore  unspecified  entries.  A 
procedure  will  be  outlined  utilising  the  set  of  rules  given  in  Section  W  to  eliniante 
the  overlapping  states  where  possible. 
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III  HaxlMiM  Coapatlbla  Chart 

Froa  a  glvan  flow  tablo  not  nil  of  thn  dnrlvnd  MC's  am  naadad  to  Inaum  eloaura. 
Thla  aaetlon  dlacuaaaa  an  approprlata  aalactlon  of  tha  MC'a  fron  tha  MC  chart  to  oovar 
all  tha  atataa  In  tha  flow  tahla.  Thla  aalactlon  of  MC's  la  not  nacaaaarlljr  cloaad; 
tha  dlscuaslon  of  tha  closum  of  tha  choaan  aats  la  postponad  until  Sactlon  V. 

In  ordar  to  salact  a  sultahla  nlnlnun  oat  to  covar  all  tha  atataa  fron  tha  (roup 
of  MC's,  tha  naxlaun  coapatlhla  chart  la  constructed  In  tha  following  nannar.  In 
Tahla  11  aach  colunn  carrlaa  a  nunhar  at  tha  top  corraapondlng  to  one  of  tha  atataa  In 
the  flow  Tahla  lA.  Bach  row  corraaponds  to  one  of  tha  MC's  derived  In  Section  11, 
as  Identified  hy  tha  letters  A,  B  and  C  In  tha  chart.  In  aach  row  a  croan  la  placed 
under  each  Internal  state  contained  In  tha  MC  raprasantad  by  that  row.  Thus  In  Table  11 
tha  MC  A  contains  states  2, 3, 4,6  and  7,  so  that  tha  crosses  la  tha  A  row  are  in  tha 
raapactlva  colunns.  Tha  raaalndar  of  tha  chart  Is  eonplstad  la  a  sinllar  nannar. 
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An  Inspection  of  the  MC'a  Indicates  that  MC's  A  and  B  are  necessary,  since  the 
Internal  states  3  and  3  are  only  Included  in  MC's  A  and  B,  respectively.  This  is 
exhibited  very  clearly  fron  the  MC  chart  since  Coluans  3  and  S  have  exactly  only  one 
cross  In  then.  If  a  circle  Is  placed  around  each  of  the  crosses  which  stand  alone 
In  a  column,  than  each  row  that  contains  a  circle  cross  will  be  called  an  "Bssantlal 
Maxlnun  Conpatible,"  (EMC).  A  single  asterisk  Is  placed  at  the  end  of  each  row 
corresponding  to  an  MC  which  Is  essential.  In  this  exanple  a  check  of  the  BMC's  thus 
Indicates  a  coverage  of  all  the  Internal  states  of  the  flow  table.  However,  If  the 
KMC's  do  not  cover  all  the  internal  states,  such  as  In  Table  III,  it  Is  not  obvious 
which  of  the  other  combinations  of  MC's  is  to  be  chosen  In  order  to  Insure  closure. 

This  problem  Is  to  be  dlsoussed  In  fectlon  V.  In  any  ease,  one  or  more  choices  of  the 
other  MC's  are  needed  In  order  to  Insure  full  coversge  of  Internal  states;  such  a 
choice  of  MC  will  be  called  a  "Secondary  Maxlnun  Compatible,"  (SMC). 

An  Interesting  configuration  of  an  MC  chart  arises  when  a  flow  table  has  a  set  of 
Inconpatlbles  as  shown  In  Table  IV  A.  The  pairwise  Inconpatlbles  are  (12),  (34)  and 
(SS).  Thus  the  MC's  can  be  seen  to  be  (245),  (246),  (136),  (135),  (235),  (33d',  (145) 
and  (146).  A  careful  Inepectlon  of  the  MC  chart  Table  IV  B  shows  that  there  are  exactly 
the  eane  number  of  crosses  In  each  column,  thus  making  the  choice  of  IMC's  and  SMC's 
rather  difficult;  however.  It  Is  quite  a  relief  to  find  that  this  type  of  MC  chart  only 
occurs  In  very  special  cases  of  the  flow  table.  The  selection  of  the  appropriate  com¬ 
patibles  can  still  he  made  from  an  expanded  table  called  the  closure  table  to  be  defined 
In  Section  IV.  The  MC  chart  with  the  above  properties  will  be  called  a  cyclic  chart. 

The  necessary  and  sufficient  condition  for  a  chart  to  be  cyclic  Is  that  the  flow  table 
must  have  an  even  number  of  Internal  states  (m),  and  the  pairwise  Incompatlbles  mmst 
occur  la  ascending  order  -  (12),  (34)  ....  (-m). 
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Tabl*  IV  A 


1  a  3  4  5  • 

(848)  -  A 
(245)  -  B 
(335)  -  C 
(338)  -  0 
(145)  -  B 
(148)  -  r 
(138)  -  0 
(135)  -  H 

Tabl*  IV  B 


TIm  mftlclancy  rcqulrcMiit  pl«c»B  th«  (ollovinc  rMtrietloM  on  tho  flow  tnbloi 
1)  No  othor  ro»-pnlra  any  imply  nn  Incoapnttblo  pnir  (13) ,  (34)  . . .  (-■) .  Tho 
inooapotiblo  poiro  nay  Inply  any  ooablnatloa  of  tho  latornal  otatoo.  oineo  tho  inpliod 
atatoo  In  this  eaoo  do  not  offoct  tho  dotomination  of  MC's. 

3)  In  any  ono  of  tho  input  eoluano  of  tho  floo  tablo  thoro  oust  ho  only  ono 
contradictory  pair  of  output  conditions.  Thoy  aust  occur  in  tho  positions  of  (18)  or 
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(34)  or  ...  (-■).  (Thua  all  but  two  of  tha  output  antrlea  In  any  Input  coluan  nuat 
ba  unapaclfled. ) 

Tha  raatrlctlona  laply  tha  axlatanca  of  a  lovar  Unit  on  tha  nuabar  of  tnputa  for 
a  glvan  floa  tabla.  If  thara  ara  aora  Inputa  than  tha  loaar  Halt,  than  all  of  tha 
output  antrtaa  In  aoaa  of  tha  Input  coluana  auat  ba  unapaeiflad  or  thay  auat  ba  ldan> 
tlcal  to  tha  output  antriaa  In  aoaa  of  tha  othar  coluana.  Tha  axaaplaa  ahoan  on 
TablaaV  A  and  V  B  with  taro  and  thraa  Inputa.  raapactivaly ,  ylald  tha  aaaa  cyclic 
aaxiaua  coapatlbla  chart  on  Tabla  V  C.  Hota  that  In  Tabla  V  B  tha  output  antriaa  of 
Input  Coluan  1  ara  all  unapaclflad.  Tha  output  antriaa  la  Coluan  1  can  alao  coincide 
with  Coluan  I2  or  I3,  and  tha  MC  chart  would  atlll  raaaln  tha  aaaa. 


*1 

»a 

1 

3  1 

a  - 

a 

-  0 

1  - 

3 

1  - 

4  0 

4 

a  - 

3  1 

Tabla  V  A 


h 

*a 

*3 

1 

a  > 

-  1 

1  - 

a 

1  - 

4  0 

a  - 

3 

— 

1  - 

-  0 

4 

4  - 

a  - 

3  1 

Tabla  V  B 


9 


13  3  4 


A 

B 

C 

D 


(13) 

(14) 

(33) 

(34) 


Tabl*  VI  A 


1  3  3  4  5 


»  . 

f-  - 

'  ’I 

Tabl*  VI  B 


A 

B 

C 

D 


(345) 

(335) 

(135) 

(145) 


If  ■  la  th*  ***11  Buabar  of  statas  and  1  la  th*  nuabar  of  Input*,  than  th*  loaar 

Unit  on  1  la  5  whar*  ■  ^  4.  Vbr  ■  4,  th*  problaa  la  trivial. 

3 

Vbr  ■  odd  th*  abov*  dlacuaalon  la  atlll  valid,  axoapt  th*  K  chart  will  not  b* 
cyclic.  Dapandlnc  upon  th*  aacandlnc  or  docandlng  ordar  of  th*  palr-wla*  Incoapatlblaa , 
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Btete  ■  or  stmte  1  will  bw  Includwd  In  all  of  the  nulaum  conpattblea.  In  Table  VI  A 
the  lapllcatlon  table  of  a  flve-atate  flow  table  ahowa  that  the  palr-wlae  Incoapatlblea 
are  In  the  aacendlng  order,  (12)  and  (34).  thua  the  MC  chart  Table  VI  B  Indlcatea  a 
croaa  on  all  of  the  rowa  In  Coluam  5.  If  the  palrwlae  Inconpatlblea  are  (23)  and  (4S) , 
then  all  of  the  MC'a  will  Include  atate  1. 

For  auch  caaea,  except  for  the  end  atatea,  the  reat  of  the  MC  chart  la  cyclic, 
thua  It  will  be  called  a  partial  cyclic  chart. 

The  lower  Unit  on  the  nuaber  of  inputa  would  be  1  s  where  M  -2  S.  For  ■ 
equal  to  1  or  3  no  cyclic  chart  la  posalble. 

The  following  aectlon  Inveatlgatea  the  property  of  cloaure  table  froa  the  choaen 
aaxlauB  ooapatlblea. 

IV  Cloaure  Tablea 

To  facilitate  the  Inapectlon  of  cloaure  froa  the  BMC* a  or  the  BMC’ a  plua  the 
BMC* a,  a  cloaure  table  will  be  dlacuased  and  conatructed  in  thla  aectlon.  The  cloaure 
table  la  conatructed  froa  all  the  atatea  of  the  BMC* a  or  the  BMC* a  plua  the  BWC'a.aa 
the  caae  aay  be.  The  aelected  MC'a  are  called  the  neceaaary  MC'a. 

Bach  of  the  Internal  atatea  of  a  neceaaary  MC  la  ahown  explicitly  in  the  fom  of 
a  row  in  the  cloaure  table,  except  the  outputa  have  been  onitted.  The  rowa  correapond- 
ing  to  the  internal  atatea  of  each  neceaaary  MC  are  grouped  adjacent  to  each  other. 

Aa  an  exanple  of  how  the  cloaure  table  ia  conatructed,  conaider  Table  II. 

Both  Rowa  A  and  B  hare  circle  croaaea,  thua  MC'a  A  and  B  are  the  eaaential  aaxinua 
coapatiblea.  la  Table  VII  the  aaaociated  cloaure  table  ia  ahown  where  the  atatea 
(23487)  and  (12456)  are  ahown  explicitly  and  grouped  aa  diacuaaed  above.  The  aubaeta 
by  iaplication  froa  the  BR'a  can  be  aeen  directly  froa  the  cloaure  table.  The  iapliad 
aubaeta  are  (347),  (125),  and  (2348),  which  are  the  proper  aubaeta  of  the  eaaential  MC'a. 
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The  subsets  (347)  and  (S346)  Indicate  that  MC  (23467)  should  not  be  split  up. 
Therefore,  an  appropriate  closed  solution  would  be  (23467)  and  (123)  where  the 
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*2 
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- 
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- 
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S 
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4 

- 

a 

- 
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6 

- 

4 

6 

4 

- 

3 

Table  VII 


overlapplnc  of  states  4  and  6  are  elialnated.  The  solution  Meets  the  lower  bound  of 
this  particular  probleu.  The  lower  bound  of  a  flow  table  was  defined  bjr  Olnsburf^^^ 
to  be  the  nusiber  of  elesMsts  In  the  largest  nazlnun  Inconpatlble. 

In  the  following  section  a  nore  detailed  Investigation  of  the  reduction  of 
overlapping  states  will  be  given. 

V  heductlon  of  Kedundant  States 

The  BMC's  do  not  constitute  the  sufficient  condition  for  closure.  For  certain 
flow  tables  the  subsets  Isiplled  are  Inproper;  such  nonproper  subsets  nay  be  avoided  by 
the  reduction  of  overlapping  atates,  or  It  nay  be  necessary  to  bo  Introduced  for 
closure.  A  nonproper  subset  Is  an  Inplled  subset  which  Is  not  Included  In  any  one  of 
the  necessary  MC's. 
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In  either  case,  appropriate  rules  will  be  given  to  suit  the  requirements  of  the 
flow  table.  The  material  which  follows  will  be  presented  with  the  aid  of  examples.  In 
Table  VIII  A  the  Idea  of  self-linkage  will  be  Illustrated.  A  partial  closure  table  Is 
shown  such  that  the  IMC-A  Implies  Itself.  If  there  exists  a  common  state  between  A 
and  some  other  EMC,  k,  the  common  term,  cannot  possibly  be  eliminated  from  the  BMC-A. 


Table  VllI  A 


^^35)  — m.  (25) 


Table  VIII  B 


For  example,  If  state  5  Is  eliminated,  (23)  Implies  (35)  which  Indicates  3  sad  5 
cannot  be  split.  This  can  be  shown  nicely  as  In  Table  VIII  B,  where  one  may  start 
with  any  pairwise  subset  of  A  and  It  will  be  closed  on  Itself.  The  above  atatoment 
holds  true  provided  that  no  state  In  A  Implies  Itself  in  the  same  input  column  as  the 
self-implication.  The  linkage  includes  all  possible  combinations  of  two  states  out  of 
three. 

Before  continuing  with  the  discussion,  some  definitions  are  required. 

Definition  1.  -  A  necessary  MC  is  contained  if  it  is  solf-impliod. 

Definition  2.  -  A  necessary  MC  is  truly  contained  if  it  is  self-implied  without 


any  self-implication  of  states. 

Thus  Rule  1  can  be  stated  in  the  following  manner;  Rule  1.  -  If  a  necessary  MC  is 
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truly  contained,  no  elimination  of  common  statea  la  poaalble  from  that  maximum  coai- 
patlble. 

Definition  3.  -  The  Internal  atate,  1,  la  primed  In  an  BMC,  k.  If  It  la  not 
Inoluded  In  any  other  neceaaary  MC. 

If  a  neceaaary  MC  la  contained,  the  appropriate  rule  to  be  applied  la  Rule  III 
aa  «111  be  aeen. 

The  aelf-llnkage  ao  far  diacuaaed  haa  been  through  the  property  of  aelf-lmplicatlon 
of  the  neceaaary  MC  In  the  cloaure  table.  An  alternate  form  of  aelf-llnkage  can  take 
place  aa  illuatrated  In  Table  IX  A.  The  partial  cloaure  table  la  eonatructed  auch  that 
the  common  term  3  cannot  be  eliminatod  from  A  without  Increaalng  a  ro*  member  In  the 
final  flow  table,  alnce  BMC  (36)  Impllea  (34)  where  atate  4  le  primed.  The  proceaa  la 
ahown  on  Table  IX  B.  Thua  aelf-llnkage  can  alao  be  obtained  from  a  coupling  of 
neceaaary  MC'a. 
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Table  IX  A 


(345)v 

/  X 

(36)  (45) 


Table  IX  B 
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In  general,  the  self-linkage  of  a  necessary  MC  produced  by  a  coupling  with 
another  MC  can  be  divided  into  two  classes. 

1)  The  cowaon  tern  or  terns  in  a  MC,  k,  cannot  be  elininated  if  every  non-prined 
state  of  k  forns  a  conpatlble  with  a  prlned  state  of  k  in  the  linkage  without  the  aid 
of  self-lnpllcation  of  the  non-prined  state,  as  shown  in  Table  IX  B. 

2)  Provided  no  other  necessary  MC  inplies  a  conpatlble  fomed  by  the  non-prlned 
state  or  states  with  a  prined  state  of  k,  the  non-prined  states  nay  be  elininated  if 
the  linkage  is  fomed  by: 

a)  The  subsets  of  MC,  k,  not  involving  the  non-prlned  state  or  states. 

b)  The  conpatlbles  fomed  with  the  aid  of  aalf-inplicatlon  of  the  non- 
prinod  state  or  statea  of  MC,  k. 

c)  Any  other  necessary  MC*a  or  subsets  which  nay  or  nay  not  include  the  non- 
prined  state  or  states  of  MC,  k. 

d)  Any  conbinatlon  of  a,  b  and  c. 

Definition  4.  -  For  a  non-contained  MC,  k.  If  a  self-linkage  is  fomed  through 
the  coupling  of  other  necessary  MC'a  such  that  every  non-prined  state  of  k  fonts  a 
conpatlble  with  a  prlned  state  of  k  In  the  linkage  (without  self-inplicatlon  of  the 
non-prlned  state),  k  Is  known  as  a  fundanental  MC. 

Rule  II  -  The  non-prlned  state  or  states  cannot  be  elininated  fron  a  fundanental 
MC. 

If  a  necessary  naxlnun  ccnpatlble  Is  neither  fundamental  nor  truly  contained, 
then  Rule  111  can  be  applied  appropriately. 

Rule  III  -  If  an  MC,  k.  Is  neither  truly  contained  nor  fundamental,  than  the  noa- 
prlmed  states,  l^j,  l^g  •••  llmt  of  k  may  be  ellmlaated  If  and  oaly  If  the  followlag 
are  valid: 

1)  The  Implied  compatible  (1^^  ...  1^^,  Ijj  ...  Ij,)  Is  derived  with  the  aid  of 
*olf~lmpllcatloo  of  Ij^^  ...  1^^  where  Ij's  are  the  prime  states  of  k. 
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2)  The  compatible  (lii..*lia,  lji...ljti)  i*  not  implied  by  any  EMC  or  by  aubaeta 
of  any  EMC,  including  k,  whoae  conatituenta  are  all  primed. 

3)  The  compatible  (li'a,  Ij'a)  ia  not  implied  by  any  other  compatible  (Ij^'a.lj'a) 
which  ia  in  turn  implied  by  the  aubaeta  whoae  conatituenta  are  all  primed. 

4)  The  compatible  (1|^,  Ij)  la  not  implied  by  any  eaaential  pairwlae  compatible. 

(Pairwlae  compatiblea  are  to  be  dlacuaaed  in  Rule  IV.) 

The  partial  cloaure  table  ahown  on  Table  X  A  indicatea  that  EMC-A  ia  contained. 
The  internal  atate  3  in  HC,  A,  ia  aelt-lmplied ,  but  3  cannot  be  eliminated  from  A 
aince  (34)  impllea  (36)  where  compatible  (34)  ia  implied  by  the  primed  atatea  of  A. 
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Thus  (36)  milt  b«  ft  proper  ftubftftt  of  (336). 

In  Tftblft  X  B  thft  pftrtlftl  elofturo  tftblo  fthotra  thftt  atfttft  3  My  b*  ftllBliifttftd  fro* 
BMC-A  provldftd  (16)  dofta  not  Inply  any  proper  aubset  of  (336)  which  Ineludea  the  non- 
prlned  atate  3.  For  an  llluatratlon  of  a  non-fundanental  aelf-llnked  BMC,  aoe 
Table  XI  A.  The  non-prlaed  atate  3  can  be  ellalnated  fro*  XMC-(34S);  however,  MC(36) 
nuat  reMln  unchanged  alnce  (36)  la  laplled  by  the  prlned  atatea  of  A.  The  BMC (346) 
la  non-fundanental  as  can  be  seen  fron  Table  XI  B,  where  3  does  not  fom  a  conpatible 
with  either  4  or  8  of  MC,  A. 


A 


B 


Table  XI  A 
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(36)  (45) 


Table  XI  B 


Buie  IT  -  The  ellnlnatlon  of  a  connon  atate  shared  by  pairwise  eonpatibles  is 
poaaibla  it  the  following  is  true: 

1)  The  pairwise  conpatible  is  not  inplied  by: 

a)  Any  truly  contained  BMC, 

b)  Any  aubaet  of  a  contained  BMC  which  is  truly  contained. 


c)  Any  fundamental  MC , 

d)  Any  EMC  or  subsets  of  EMC  whose  constituents  are  all  primed. 

2)  The  pairwise  compatible  Is  not  Implied  by  any  other  pairwise  compatible 
which  Is  In  turn  Implied  by  the  above-mentioned  sets. 

3)  The  only  Implication  of  the  pairwise  compatible  Is  by  Itself. 

It  had  been  stated  In  the  beginning  of  this  section  that  the  EMC's  do  not  always 
form  a  closed  solution.  The  subsets  Implied  by  the  EMC's  may  not  be  Included  In  any  of 
the  EMC's  themselves.  In  order  to  determine  whether  the  extraneous  subsets  are  needed 
for  closure,  one  of  such  rules  to  be  applied  can  be  stated  In  the  following  manner. 

Rule  V  -  If  a  non-proper  subset  has  been  implied  by  the  EMC,  k,  then  k  should  be 
checked  for  self-linkage.  If  k  Is  self-linked  with  the  aid  of  the  Improper  subset, 
then  the  non-proper  subset  must  be  introduced  for  closure.  Otherwise,  the  non-proper 
subset  may  be  avoided  by  the  elimination  of  overlapping  states.  Rule  V  is  a  sufficient 
condition  for  the  Inclusion  of  the  non-proper  subset. 

In  the  following  example,  Rule  V  will  be  Illustrated.  From  the  flow  tabi j  as 
shown  in  Table  XII  A,  the  MC's  are  found  to  be  (1346),  (1234)  and  (3456).  In  Table  XII  B 
an  MC  chart  has  been  constructed  which  Indicates  the  MC's  (1234)  and  (3456)  are  the 
essentials.  From  the  closure  table  shown  on  Table  XII  C  the  subsets  Implied  are  (16) 
and  (45).  Since  (16)  Is  non-proper  and  Implied  by  EMC-C,  the  EMC-C  must  be  checked 
for  self-linkage  by  Rule  V. 


(3456) 


Table  ZII  I 
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The  Byc-C  la  self-linked  with  the  aid  of  the  non-proper  subset  (16) ,  thus  (16) 

■ust  be  Included  in  the  solution  for  closure.  By  applying  Rule  III  to  the  necessary 
MC's  (16),  B,  and  C,  states  3  and  6  may  be  ellMlnsted  from  MC,  C;  and  states  1  and  4 
■ay  be  ellalnated  froa  MC,  B.  Thus  the  final  solution  for  closure  Is  (16),  (23)  and 
(4S).  If  the  coMpatlble  (16)  Is  labeled  D  and  (23)  and  (45)  are  respectively  B  and  C, 
then  the  final  flow  table  is  shown  In  Table  XII  0. 

An  alternate  procedure  for  determining  whether  a  non-proper  subset  Implied  by  the 
■MC's  Is  needed  Is  to  Investigate  the  subsets  Implied  by  the  primed  states  of  those 
IMC's. 

Definition  4  -  For  a  compatible  which  is  neither  truly  contained  nor  fundamental 
such  that  none  of  the  states  can  be  split  without  breaching  an  Implication,  then  that 
compatible  Is  bounded. 

Rule  VI  -  The  non-proper  subsets  are  to  be  Introduced  If  It  Is  Implied  by  a 
bounded  compatible. 

Rule  VI  suggests  a  procedure  to  be  followed  In  certain  cases  where  Rule  V  Is  not  so 
obvious,  such  as  a  flow  table  with  many  Input  columns.  If  a  non-proper  subset  Is  Im¬ 
plied  by  a  necessary  MC,  K,  which  Is  neither  truly  contained  nor  fundamental,  than  one 
■ay  begin  the  Investigation  by  observing  the  subsets  Implied  by  the  primed  states  of  K. 
If  the  compatible,  k,  formed  by  the  primed  states  of  K  Is  bounded  (which  could  be  true 
If  It  Is  Implied  either  by  a  truly  contained  or  a  fundamental  MC) ,  then  the  Improper 
subset  Implied  directly  by  k  or  by  subsets  Implied  by  k  which  In  turn  Implies  the 
Improper  subset  must  be  Included  for  closure.  However,  If  the  compatible,  k.  Is  not 
bounded,  then  the  Improper  subset  Implied  by  k  directly  or  Indirectly  as  mentioned 
above  may  be  avoided  by  splitting  the  compatible,  k.  The  exact  procedure  Is  to  be 
outlined  In  the  next  section;  however,  a  brief  example  will  be  done  here  to  Illustrate 
the  above-mentioned  Idea. 
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Again  consider  Table  Xll;  the  laproper  subset  Is  laplled  by  MC,  C.  The  ooapatlble 
formed  by  the  primed  etates  of  MC,  C,  Is  not  bounded.  Therefore,  Rule  VI  ladtoatee 
that  the  Improper  subset  Implied  In  the  chain  (S6)  (45)  -*  (16)  nay  be  broken  up 

If  5  and  6  Are  split. 

Therefore ,  the  final  eolutlon  In  this  case  is  (1334) ,  (5)  and  (6) ,  which  la 
reepectlvely  assigned  the  letters  B' ,  C*  and  D'  as  shown  on  Table  Xll  I. 

Rule  Vll  -  Mon-proper  subsets  must  be  introduced  for  closure  if  it  is  implied  by: 

1)  Any  truly  contained  BMC, 

3)  Any  subsets  of  contained  BMC'e  which  are  truly  contained, 

3)  Any  fundamental  MC, 

4)  Any  subsets  which  are  in  turn  implied  by  any  of  the  above  sate. 

Thus  it  should  be  obvious  that  non-proper  subsets  implied  by  pairwise  compatibles  may  be 
avoided  if  the  pairwise  compatibles  are  not  implied  by  any  of  the  conditions  of  Rules  VI 
and  Vll. 

If  from  the  MC  chart  the  EMC's  do  not  cover  all  the  states  of  the  flew  table,  than 
one  can  do  either  of  the  following  two  things: 

1)  Construct  a  closure  table  for  all  of  the  MC's  from  which  a  secondary  MC 
may  be  chosen  to  cover  all  the  states,  then  apply  the  given  rules, 

2)  Select  e  secondary  MC  idiioh  with  the  BMC  has  a  minimum  of  overlapping, 
and  construct  the  accompanying  closure  table,  them  apply  the  rules. 

In  Table  Xlll  A  a  flow  table  is  constructed  such  that  the  essential  maximum  com¬ 
patibles  do  not  cover  all  the  internal  states.  The  MC  chart,  Table  XIII  B,  lists  the 
MC's  and  shows  that  MC,  A,  is  essential.  FOr  a  minimum  of  overlapping  states,  the  SMC 
will  be  chosen  to  be  MC,  C.  By  this  choice  only  the  internal  state  2  is  present  in 
both  the  BMC  and  SMC.  In  Table  XIII  C  the  closure  table  is  constructed  for  the  chosen 


BMC  and  SMC. 
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The  aubsete  by  iiaplication  are  (35),  (24),  (34)  and  (123).  But  (35)  la  a  non¬ 
proper  aubaet  laplled  by  both  ot  the  neceaaary  MC'a.  Thua  the  KMC  and  the  SMC  mint 
both  be  checked  for  nelf-llnkage  alnce  both  of  the  neceaaary  MC'a  Implied  the  non¬ 
proper  aubaet  (35).  If  either  one  of  the  neceaaary  MC'a  la  nelf-llnked  with  the  aid 
of  the  non-proper  aubaet,  the  non-proper  aubaet  aunt  be  Introduced  for  cloaure. 


and 
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It  can  be  aeen  that  EIIC>A  la  fundaaental  and  self-linked  with  the  aid  of  the  non-proper 
subset  (35).  Thus  the  common  tern  (2)  cannot  be  eliminated  from  EMC-A,  and  (35)  must 
be  Introduced  for  closure  by  Buies  II  and  V,  respectively.  The  problem  now  Is  to  re¬ 
duce  the  overlapping  states  from  the  conpstlbles  (1234),  (35)  and  (256).  The  SMC, 

C,  Is  shown  to  be  non-fundamental,  thus  the  overlapping  states  2  and  5  nay  be  both 

AC  B* 

eliminated  by  Rules  II  and  III.  The  final  solution  is  (X234),  (6)  and  (35)  **  *)>own 
on  Table  XllI  0. 

For  partial  cyclic  and  cyclic  charts  the  closure  table  should  consist  of  all  the 
MC’s.  The  given  rules  are  applicable  to  any  combination  of  MC's  which  covers  all  the 
states  of  the  flow  table.  Following  Is  an  example  of  a  cyclic  table.  The  flow  table  la 
shown  on  Table  XIV  A.  From  the  location  of  the  Incompatible  In  the  Implication  table, 
one  automatically  draws  the  conclusion  of  a  cyclic  maximum  compatible  chart.  The  MC's 
are  (13) ,  (14) ,  (23)  and  (24)  which  are  shown  In  Table  XIV  C.  Two  obvious  candidate  sets 
which  will  cover  all  the  states  are  MC’s  B  and  C  and  MC's  A  and  D. 

bet's  consider  the  candidate  set  with  MC's  B  and  C.  The  subset  Implied  is  (13), 
but  It  Is  non-proper.  Therefore,  MC  B  which  Implies  (13)  must  be  checked  for  self¬ 
linkage.  It  is  obvious  that  the  compatible  (14)  is  neither  bounded  nor  self-linked. 


as 


thus  with  ths  sppliestloa  of  olthor  tuls  VI  or  Rulo  VII,  rospsetlrolp ,  tho  flnol  solu¬ 
tion  for  olosurs  is  (1),  (4>  snd  (SS).  Slnilsrly,  tho  sot  oonsistlnc  of  MC's  A  sad  D 
asy  bs  sjrnthssiasd  to  bo  (a),  (4)  sad  (IS). 


1  a  S 
Tablo  UV  B 


Tablo  ZIV  C 


24 


The  cyclic  MC  chert  derived  from  e  flow  teble  ofuny  Internal  states  may  have 
■any  candidate  sets  for  closure.  The  proper  sets  to  be  chosen  can  usually  be  seen 
fron  the  closure  table,  since  for  the  cyclic  MC  chart  the  ■Inlaua  nuaber  of  ■axlauM 
compatibles  needed  to  cover  all  of  the  states  Is  two.  However,  the  set  of  MC's  chosen 
to  cover  all  the  statea  should  not  Imply  any  non-proper  subsets.  (Otherwise,  It  would 
mean  an  extra  row  member  In  the  final  flow  table.)  Once  the  candl^Sate  sets  are  chosen, 
the  procedure  Is  no  different  from  any  other  non-cycllc  cases. 

It  has  been  seen  In  this  section  that  the  procedure  tor  finding  the  minimal  closed 
set  of  solutions  does  not  necessarily  make  use  of  all  the  rules.  However,  It  should 
be  mentioned  that  the  rules  given  can  be  applied  to  all  classes  of  MC  charts.  Indeed 
for  the  cyclic  MC  chart  the  procedure  may  be  quite  long;  however,  one  does  not  often 
encounter  such  a  situation.  In  the  following  section  a  systematic  procedure  will  be 
hopefully  outlined  and  examples  will  be  shown. 

VI  Procedure 

Prom  the  previous  section  It  can  be  seen  that  the  rules  given  are  sufficient  to 
eliminate  the  redundant  states  where  possible.  However,  a  more  systematic  procedure 
Is  needed  for  the  application  of  the  rules.  In  general,  the  procedure  to  be  discussed 
can  be  divided  Into  two  parts. 

A)  The  necessary  maximum  compatibles  Imply  only  proper  subsets. 

B)  The  necessary  maximum  compatibles  Imply  non-proper  subsets  In  addition  to  the 
proper  subsets. 

In  both  cases  one  should  begin  the  problem  from  the  maximum  compatibles  found  from 
the  Implication  table  (as  defined  by  Pauli  and  Unger^^^). 

Step  1.  Construct  the  maximum  compatible  chart. 

Step  2.  Choose  the  appropriate  set  of  EMC's  or  the  BMC's  plus  the  SMC's  so  that 
It  covers  all  the  states  of  the  flow  table,  and  construct  the  corresponding  closure 
table.  For  a  cyclic  maximum  compatible  chart  It  Is  preferable  to  list  all  the  maximum 
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coapatiblsa  In  th«  closure  table  from  which  the  candidate  sets  may  be  exhibited. 

Step  3.  Determine  whether  the  aubaet  Implied  by  any  of  the  necesaary  maximum 
compatibles  la  proper  or  non-proper. 

Step  4.  Determine  from  each  necesaary  maximum  compatible  with  3  or  more  states 
whether  It  Is  truly  contained  or  fundamental.  (Rules  I  and  11.)  (The  fundamental 
property  Is  sufficient,  but  as  mentioned  previously,  It  Is  not  necessary.) 

The  procedure  which  follows  will  apply  subscripts  A  and  B  to  the  class  of  subsets 
which  are  all  proper  and  to  the  class  of  subsets  which  Includes  non-proper  subeets, 
respectively. 

Step  SA. 

a)  Apply  Rules  111  and  IV  to  the  necessary  MC's  which  are  neither  truly  con¬ 
tained  nor  fundamental  to  eliminate  the  overli^plng  states.  Repeat  the  above  rules 

If  necessary. 

b)  If  none  of  the  necessary  MC's  are  truly  contained  or  fundamental,  then 
apply  Rule  111  to  the  sets  implied  by  the  primed  states  of  the  necessary  MC's.  Associ¬ 
ate  the  sets  Implied  with  the  primed  states  wherever  possible.  Continue  the  sixnre 
procedure  until  all  subsets  Implied  are  proper.  (See  Example  2  In  Section  Vll.) 

Step  9B. 

a)  For  each  necessary  MC  which  Implies  non-proper  subsets.  If  either  of  the 
cases  of  Step  4  holds,  then  apply  Rule  VII. 

b)  If  the  truly  contained  or  fundamental  MC's  do  not  Imply  the  non-proper 
subset,  apply  Rule  III  or  IV,  and  Rule  V  or  VI  to  the  other  necessary  MC's.  Repeat 
If  necessary. 

c)  If  none  of  the  BMC's  are  truly  contained  or  fundamental,  apply  Rules  111 
and  VI  to  the  sets  Implied  by  the  primed  states  of  the  BMC's.  Continue  the  process 
until  all  sets  Implied  are  proper  and  non  proper  sets  eliminated  if  possible.  Otherwise 
the  non-proper  subset  must  be  Included.  (See  Example  3.) 
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Tor  the  sake  of  clarity  Step  6  will  be  postponed  until  after  the  following  ex- 
aaple.  Prom  Table  XV  A  the  MC'a  are  (24S) ,  (367),  (127)and  (46),  respectively, 
given  the  letters  A,  B,  C,  and  D.  The  EMC's  are  shown  In  Table  XV  B  to  be  A,  B,  and 
C.  Correspondingly,  the  closure  table  Is  shown  on  Table  XV  C,  which  brings  the  pro¬ 
cedure  up  to  Stop  3. 

Step  3. 

Subsets  implied:  (37),  (46),  (245),  (127)  and  (24). 

(46)  Is  non-proper. 


1 

2  1 

-  0 

2 

7  1 

4  - 

3 

-  0 

4  0 

4 

— 

-  1 

5 

3  1 

6  - 

6 

-  0 

5  - 

7 

1  - 

2  0 

Table  XV  A 
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*1 
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Table  XV  B 


A  -  (245)* 
B  -  (367)* 
C  -  (127)* 
D  -  (46) 
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4 
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1 

2 

1 

2 

- 

2 

7 

4 

7 

1 

a 

Table  XV  C 


*1 

h 

A* 

B*  1 

D*  1 

B* 

C  0 

A*  0 

C 

A*  1 

-  0 

D* 

-  0 

A*  1 

Table  XV  D 


Step  4. 

Free  the  oloaure  table  it  la  obvloua  that  the  BMC-C  la  truly  contained  end 
■C'a  A  and  B  are  neither  truly  contained  nor  fundamental.  Therefore,  the  orerlappinc 
atatea  2  and  7  cannot  be  eliminated  from  the  maximum  compatible  C. 

Step  SB-b 


IMC-C  inpllea  (24);  therefore  A- (245)  ahould  remain  Intact.  Since  A  ia 
bounded,  (46)  muat  be  Introduced  aa  a  non-proper  aubaet,  and  (367)  ahould  not  be  aplit 
aince  (37)  ia  implied  by  A  aleo. 

It  aeema  that  we  need  all  of  the  MC'a  to  inaure  cloaure.  However,  if  we 
apply  Rule  111  to  the  truly  contained  MC  at  thla  atafe,  we  find  that  both  of  the  over¬ 
lapping  atntea  2  and  7  may  be  eliminated  aince  no  other  BMC  inpllea  either  2  or  7  with 
1.  Therefore,  by  eliminating  2  and  7  from  MC-C  and  6  from  MC-B,  the  final  aolution 
becomea  (1),  (46),  (37)  and  (24S).  Thia  aolution  haa  only  one  overlapping  atate.  The 
final  flow  table  la  ahown  In  Table  XV  D  for  the  conpatlblea  labeled  C ,  0* ,  B*  and  A* , 
reapectlvely.  It  ahould  be  clear  that  Step  6,  to  bn  given  aubaequently ,  will  only 
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apply  if  at  tha  and  of  Stap  8  two  or  nora  ovarlapplng  atataa  axlat  batwaan  tha  truly 
eoatalnad  MC  and  tha  othar  nacaaaary  eonpatiblaa.  If  thara  la  only  ona  auoh  ovar- 
lapplng  stata,  than  It  cannot  ba  ellnlnatad  fron  tha  truly  contalnad  MC,  and  tha  pro- 
eaas  anda  bafora  it  raachaa  Stap  6. 

Stap  S 

Apply  Hula  111  to  tha  truly  contalnad  naxlnun  eonpatlbla  if  thara  aziata  two 
or  aora  conaon  atataa  batwaan  tha  truly  contalnad  MC  and  tha  othar  nacaaaary  MC'a  at 
tha  and  of  Stap  5.  Than  rapaat  Stap  8  if  nacaaaary. 

For  an  llluatration  of  a  flow  tabla  without  tha  nacaaalty  of  Stap  6,  tha  flow 
tabla  ahown  in  Tabla  XVI  A  yialda  tha  aaM  aat  of  MC'a  aa  Tabla  XV  B.  Tha  nazinui  ooa> 
pdtibla  chart  will  tharafora  ba  oad.ttad  in  thia  caaa.  Again  tha  aaaantial  MC'a  ara 
(848),  (367)  and  (127),  labalad  A,  B,  and  C,  raapactiwaly. 
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-  0 

4  0 
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3  1 
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0 
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Tabla  XVI  A 
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3 
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7 

1 
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2 
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4 
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Table  XVI  B 


Step  3. 


A' 

B*  1 

B'  1 

B' 

C*  0 

A*  0 

C 

C  1 

A*  0 

Table  XVI  C 


Subaeta  Implied:  (37).  (46),  (45)  and  (127).  (40)  la  improper. 


Step  4 

(127)  la  truly  contained. 


Step  3B-b 

MC  (127)  Impllea  (45);  therefore  (45)  la  a  bounded  compatible.  However, 

A(245)  la  not  bounded  alnce  2  la  not  Implied  by  any  other  maximum  compatible  with 
either  4  or  5.  Therefore,  by  Rule  VI  the  non-proper  aubaet  (46)  may  be  avoided  by 
omitting  2  from  (245).  By  Rule  III  the  overlapping  atate  7  cannot  be  eliminated  from 
MC  (307)  alnce  (45)  Impllea  (37).  Therefore,  the  final  aolutlon  la  (45)  (367)  and  (127) 
aa  ahown  on  Table  XVI  C. 


VII  Kxamplea 

The  examplea  provided  In  thla  aectlon  are  mainly  dealgned  to  llluatrate  the 

Step  SA-b  and  Step  SB-c,  alnce  In  Section  VI  llluatratlona  have  been  provided  for  the 

other  atepa.  However,  Example  I  la  Included  to  demonatrate  again  the  Ideaa  of  Rulea  1 
and  II. 
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ExMple  1 

From  Table  XVll  A  the  maxlrntm  eompetibloe  ere  found  to  be  (1367) ,  (34S)  end  (85) 
which  ere  deeigneted  ea  A,  B,  end  C,  reapectlvely ,  In  the  MC  chert  of  Table  XVII  B. 

It  can  bo  aeon  that  the  EMC* a  are  A  and  B,  which  alao  cover  all  the  atatea  of  the  flow 
table.  The  cloaure  table  with  EMC* a  A  and  B  la  conatructed  aa  shown  on  Table  XVII  C. 
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8  0 

3 
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Tabls  XVIX  A 
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(1267)  -  A 
(345)  -  B 
(25)  -  C 
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Table  XVII  C 


A 
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A  0 

A  0 

B 

B  0 

B  1 

A  1 

Table  XVII  D 


Exaaple  2 

The  closure  table  shown  on  Table  VII,  Section  IV,  will  be  continued  here  to  find 
the  alnlMl  closed  set. 

Step  3. 

Subsets  Implied:  (125),  (347)  and  (2346).  All  subsets  are  proper. 

Step  4. 

Neither  A  nor  B  Is  truly  contained. 
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Step  5A-b. 

Subsets  formed  by  the  primed  states  of  A  and  B  are: 

a)  (37)  (15) 

I  Implication 
(26) 

b)  Application  of  Rule  111 

(2367)  (15) 

\  \  ♦-  Implication 

(34)  (y6)  (347)  (^ 

c)  (23467)  (15) 

\  \  Implication 

(^  (125)  (^)  (26) 

d)  (23467)  (125) 

Thus  In  Step  5A-b  a  repeated  application  of  Rule  III  Is  sufficient  to  find  the 
minimal  closed  solution.  The  compatibles  shown  crossed  out  are  already  proper  subsets 
of  that  step. 

Example  3 

From  the  flow  table  of  Table  XVIII  A  the  maximum  compatibles  are  found  as  shown 
on  Table  XVIII  B.  By  Inspection  MC's  A  and  C  are  essential  and  cover  all  the  states 
of  the  flow  table. 

Step  3. 

Subsets  Implied:  (1279),  (5679),  (358),  (1379)  and  (457).  Subsets  (1279) 
and  (358)  are  non-proper. 

Step  4. 

EMC's  A  and  C  are  noncontalned. 

Step  5B-C 

Subsets  formed  by  the  primed  states  of  EMC: 

a)  (248)  (369) 

y' ^  ♦-Implications 

(279)  (569)  (45)  a37)^(M) 
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Where  underltned  compatibles  are  non-proper,  apply  Rule  VI.  Since  (34S)  and  (369) 
are  not  t^unded,  one  may  try  to  eliminate  the  non-proper  aubsets  by  onlttlnf  one  ot  the 
atates  shown  above  and  beginning  the  process  again. 

b)  (24)  (69) 

y  y  «-  lapllcatlona 

(79)  (56)  (13) 

By  Rule  111,  (c)  la  as  follows) 

c)  (24)  (1356  7  9) 

/  'X  y  X  ♦-  lapllcatlona 

a/)  (J^)  (1^9)  (457)  (M) 

By  Rule  III,  (d)  le  aa  tollcera: 

d)  (24M).  (135679)  (38) 

i  \  IsiplloatlOB 

(176)  (^)  (7^)  (Coqtleted)  pff) 

e)  A*  B*  C* 

(2487)  (135679)  (M)  Final  Solution. 

The  coapatlblea  ahovn  croaaed  out  are  already  proper  aubaeta  up  to  that  atep.  Solution 
la  ahova  on  Table  XVlll  0. 
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VXll  Conclualon 

Froa  th«  auctatui  coapatlblas  derived  froa  any  Incoapletely  apeclfled  flow  table, 
the  problea  of  ehooalng  a  alnlaal  aet  of  coapatlblaa  haa  been  Inveatlgated.  A  aet  of 
rulea  and  daflnltlona  haa  been  given  and  defined  aueh  that  hopefully  It  alght  cover 
Boat  of  the  caaea  which  are  likely  to  arlae.  The  procedure  doea  not  yield  all  of  the 
poaalble  aolutlona,  and  it  doea  not  aleaya  aeet  the  lower  bound  defined  by  Olnatserg^^^ . 
However,  for  certain  flow  tablea  the  lower  bound  la  not  necoaaarlly  obtainable.  For 
flow  tablea  which  do  not  have  any  IMC'a,  a  ayateaatlc  approach  raaalna  to  be  found  to 
atart  the  application  of  the  rulea. 

In  conclualon,  the  procedure  doea  Indicate  an  approach  to  the  problea  for  thoae 
flow  tablea  which  have  IMC'a  and  SMC* a. 
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